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390a Monday, February 27, 2012Empirical correlations of acyl chain segmental order parameters (SCD) and
R1Zprofiles followed a theoretical square-law functional dependence [4]. Our
preliminary results show that R2
CP is sensitive to hydration levels as well as
the acyl position, thus indicating the presence of slow dynamic modes. The
R2
CPrates of the acyl segments near the polar head groups increase with lipid
dehydration, while the acyl segments deeper in the hydrophobic region show
lower R2
CP values at high dehydration levels. Similar studies in presence of
peptides and proteins can give insight into optimized lipid hydration for protein
functionality and slow cooperative motions.
[1] M.F. Brown (1994) Chem. Phys. Lipids 73, 159–180.
[2] A. Leftin et al. (2011) Biochim. Biophys. Acta 1808, 818–839.
[3] K.J. Mallikarjunaiah et al. (2011) Biophys. J. 100, 98–107.
[4] M.F. Brown (1982) J. Chem. Phys. 77, 1576–1599.
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The lipid cubic phase (LCP) formed by particular mixtures of monoolein and
water has received significant attention as a system for the crystallization of
membrane proteins for structural characterization by x-ray crystallography
(the so-called in meso method [Caffrey & Cherezov: Nature Protocols (2009)
4(5):706]). In several cases, the addition of specific lipids to the mesophase
was necessary to promote the stabilization and crystallization of a protein.
For example, the addition of cholesterol was instrumental for obtaining high-
resolution structures of the beta2 adrenergic receptor [Cherezov et al: Science
(2007) 318:1258], and of four other G protein-coupled receptors. Apart from
the success of LCPs for supporting crystal growth, the bulk isotropic symmetry,
rapid diffusion and localized bilayer-like environment make this system poten-
tially useful for NMR studies.We demonstrate that several NMR techniques tra-
ditionally associated with solution phase samples (e.g., heteronuclear single
quantum coherence, HSQC, and saturation transfer difference, STD) can be
adapted for use in LCPs comprising monoolein with cholesterol and/or a trans-
membrane protein. Our data indicate that a range of advanced NMR techniques
could be applied in LCPs, enabling studies of dynamics that will complement
the x-ray structural data already obtainable using this phase and significantly ex-
pand the variety of tools available for the study of integral membrane proteins.
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Lactophoricin (LPcin-I) is an antimicrobial, amphiphatic, cationic peptide with
23-amino acid residues isolated from bovine milk. Its analogous peptide,
LPcin-II, lacks six N-terminal amino acids compared to LPcin-I. Interestingly,
LPcin-II does not display any antimicrobial activity, whereas LPcin-I inhibits
the growth of both Gram-negative andGram-positive bacteriawithout exhibiting
any hemolytic activity. Uniformly 15N-labeled LPcin peptides were prepared by
the recombinant expression of fusion proteins inE. coli and their properties were
characterized by mass spectrometry (MS), Circular dichroism (CD) spectros-
copy, and antimicrobial activity tests. To understand the structure-activity rela-
tionship of these two peptides, they were studied in model membrane
environments by a combination of solution and solid-state NMR spectroscopy.
We determined the tertiary structure of LPcin-I and LPcin-II in the presence of
DPCmicelles by solutionNMRspectroscopy.Magnetically aligned unflipped bi-
celle samples were used to investigate the structure and topology of LPcin-I and
LPcin-II by solid-stateNMRspectroscopy.Wewill also discuss about theLPCin-
Analogs that have much more powerful antimicrobial activity and 800MHz
home-built solid-state NMR
probe for bilayers.
[1] Protein Expression and
Purification65 (2009), 23 [2]
Biophysical J 101 (2011)
1193.1983-Pos Board B753
31P and 15N Solid-State NMR Study for the Development of a Novel Mem-
brane Protein Drug-Screening Methodology
Anna S. Kozlova1,2, Timothy A. Cross1,2, William W. Brey2,
Petr L. Gor’kov2.
1Florida State University, Tallahassee, FL, USA, 2National High Magnetic
Field Laboratory, Tallahassee, FL, USA.
The use of Nuclear Magnetic Resonance Spectroscopy in Drug Discovery has
been routine for several decades. Used independently or in concert with MassSpectrometry, Isothermal Titration Calorimetry and a variety of Fluorometric
assays it allows development of new drug candidates through the use of several
pathways. Monitoring ligand-target binding provides a route to screen potential
inhibitors for known drug targets. Unfortunately solution NMR encounters
a solubility challenge and has a limited applicability to membrane proteins,
which have a well-known involvement in key cellular functions and make up
60% of all identified drug targets. For this reason and many others, progress
in antimicrobial drug development is slow and the need for new compounds
at an all time high with increasing microbial resistance to existing therapeutics.
In order to overcome the solubility challenge and mimic the native bilayer en-
vironment of the cellular surface a new approach is being developed that per-
mits screening of small compounds against membrane protein drug targets
while the protein is in a native-like bilayer. To trap the protein solubilized bi-
layer we use anodic aluminum oxide (AAO) filters such that solutions contain-
ing small molecules can be flowed over the membranes in the AAO pores
without dislodging the protein and bilayers. To test this concept we aligned
the M2 proton channel from Influenza A virus, a known drug target, in
DMPC lipid bilayers within the AAO filters. Selectively 15N site-labeled M2
(residues 22–46) was exposed to various inhibitor compound cocktails while
monitoring the very sensitive anisotropic chemical shifts for binding. A flow
through cell design is now being developed to semi-automate this screening
process.
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Magnetically aligned bicelles represent a nearly ideal mimetic for the structural
studies of membrane proteins in their native lipid environment. Structures of
several proteins reconstituted in bicelles have been obtained by solid-state
NMR, including MerF, VPU, and Pf1.
However, the assignment of NMR spectra of membrane proteins is usually per-
formed by a laborious preparation of multiple selectively labeled samples, and
a helical wheel-like arrangement of peaks is assumed. Here we have used
a novel spectroscopic technique [1,2] to obtain spin correlations between the
resonances and assigned the spectrum of uniformly 15N labeled Pf1 protein re-
constituted in aligned bicelles. The peaks generally follow the (i, iþ1) connec-
tivity pattern, and yield the assignment identical to the previously established,
albeit without using multiple labeled samples [3]. The method is generally ap-
plicable to membrane proteins of arbitrary topology. Long-range correlations
(up to 6.7 A˚) can be observed that have a potential for establishing spectro-
scopic contacts between the neighboring transmembrane helices.
Furthermore, we have developed an algorithm [4] that calculates three-
dimensional structures of membrane proteins solely based on the dipolar cou-
plings between the covalently bound spins. Structures of protein G and a helical
hairpin of bacteriorhodopsin have been calculated from simulated solid-state
NMR spectra as illustrative examples. Effect of experimental uncertainty has
been assessed. Application of the algorithm to fully assigned three-
dimensional NMR data of doubly (15N, 13C) labeled membrane proteins
may allow one to obtain the entire backbone structure from a single spectrum.
[1] A.A. Nevzorov, J. Am. Chem. Soc. 130 (2008) 11282-11283.
[2] R.W. Knox, J. Lu, S.J. Opella, A.A. Nevzorov, J. Am. Chem. Soc. 132
(2010) 8255-8257.
[3] S.J. Opella, A.C. Zeri, S.H. Park, Annu. Rev. Phys. Chem. 59 (2008)
635-57.
[4] Y.Y. Yin, A.A. Nevzorov, J. Magn. Reson. 212 (2011) 64-73.
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A general method for determining the structures of membrane proteins in phos-
pholipid bilayers under physiological conditions is described. Membrane pro-
teins are high priority targets for structure determination, and are challenging
for the existing experimental methods. Because membrane proteins reside in
a liquid crystalline phospholipid bilayer membranes it is important to study
them in this type of environment. The approach we have developed can be sum-
marized in five steps, and incorporates methods of molecular biology, biochem-
istry, sample preparation, construction and modification of NMR
instrumentation, the development and execution of NMR experiments, and
structure calculations. It relies on solid-state NMR spectroscopy to obtain
high-resolution spectra and residue-specific structural restraints for membrane
Monday, February 27, 2012 391aproteins which undergo rotational diffusion around the membrane normal, but
whose mobility is otherwise restricted by interactions with the membrane phos-
pholipids. The spectra of membrane proteins alone and in complex with other
proteins and ligands set the stage for structure determination and functional
studies.
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Interactions between the transmembrane (TM) a-helices in the membrane do-
mains (MD) of integral membrane proteins are believed to determine their spa-
tial structure and functionality. Nevertheless, the basic principles underlying
such interactions still need to be elucidated. In the present work, the interaction
between the TM segments in two-helical MD of the receptor tyrosine kinase
ErbB4 was investigated by means of solution NMR spectroscopy in lipidic
bicelles. According to the obtained data, the a-helical TM domains of the
receptor associate via the double motif A655GxxGG660, forming the parallel di-
mer, stabilized by the polar contacts. The slow character of dimer-monomer
transition of the ErbB4 TM domains permitted to access the thermodynamics
and equilibrium kinetics of the dimerization. Lipidic bicelles appeared to be
an ideal solvent in terms of dimer-monomer equilibrium of the ErbB4 TM
domains, which allowed to measure the free energy of their dimerization equal
to1.4 kcal/mol. Noteworthy, the dimerization constant began to increase dra-
matically when more than one peptide on average were induced to reside in one
bicelle (‘‘saturated bicelles’’). Enthalpy, entropy and heat capacity of the di-
merization were obtained from the temperature dependence of the dimerization
constant in ‘‘saturated bicelles’’. As was shown, the dimerization of TM do-
mains of ErbB4 is an endothermic process, going with the substantial growth
of entropy and heat capacity of the system, suggesting the important role of
lipids in the TM helix-helix interactions. The temperature dependence of line-
widths of NMR signals was interpreted in terms of the reaction rates and the
transition state theory to derive the free energy, entropy and enthalpy of the
transition state and to estimate the contribution from the lipid-protein and
protein-protein interactions into the free energy of dimerization.
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Apelin is the peptide ligand for a class A G-protein coupled receptor (GPCR),
denoted here as AR. The apelin-AR system has been shown to have roles in reg-
ulation of fluid homeostasis; angiogenesis during tumour formation; adipoinsu-
lar axis function; and in regulation of the cardiovascular system and central
nervous system. Apelin is expressed as a 77-residue preproprotein which is
truncated by various unidentified processing pathways to bioactive forms rang-
ing from 13-36 residues, all of which include the extreme C-terminus of the
preproprotein. Such a promiscuity in length of bioactive peptide, with forms
at lengths from 13 to 36 residues observed in vivo, is highly unusual and
may provide insight into the ability of the apelin-AR system to exert disparate
physiological effects. Until now, no specific information is available about the
processing pathway(s) involved in apelin production. We have cloned and ex-
pressed human proapelin, the C-terminal 55-residue component of preproapelin
produced by postulated N-terminal signal peptide removal. This was produced
in E. coli as a fusion protein with an N-terminal hexahistidine tag and TEV pro-
tease cleavage site suitable for affinity purification and high yield isolation fol-
lowing TEV protease cleavage. Proapelin is a highly basic peptide with
multiple dibasic sites, any and all of which are potential sites of cleavage for
the proprotein convertase (PC) class of enzymes.We present here a comprehen-
sive structural and dynamics characterization of proapelin using CD, fluores-
cence and NMR spectroscopy. These findings are allowing us to probe the
accessibility of the dibasic sites in proapelin to PC enzymes. This will facilitate
the identification of the most likely PC enzymes involved in proapelin process-
ing, allowing for direct validation by biochemical assays.
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Thrombin is a serine protease that plays an essential role in the blood-clotting
cascade, cleaving soluble fibrinogen to insoluble fibrin and activating platelets.
Thrombin is also involved in tissue repair, angiogenesis and inflammation via
the activation of the PAR-1 and PAR-3 receptors. In its positive feedback loop,thrombin activates factors XI, V, and VIII to promote further clotting. When
thrombin binds thrombomodulin (TM) at anion binding exosite 1 (ABE1) the
feedback loop becomes negative by activating protein C, which in turn inacti-
vates factors VIIIa and Va, decreasing the rate of thrombin activation. The
mechanism of the thrombin specificity change from procoagulant to anticoagu-
lant remains elusive since crystal structures of thrombin bound to TM show
no structural change in the active site. NMR provides the residue specific
resolution needed to study the dynamics and the contribution to thrombin
function. Near complete assignments of thrombin backbone resonances have
been achieved using high-field TROSY based methods to study [2H,15N,13C]
thrombin. Relaxation and relaxation dispersion experiments performed on
thrombin covalently inhibited with PPACK show functional regions with
increased dynamics, including ABE1, the g-loop, and ABE 2. Analysis of resid-
ual dipolar couplings in light of accelerated molecular dynamics simulations
indicated a structural ensemble that is highly mobile in several timescales,
providing a path forward towards understanding the role of dynamics and con-
formational fluctuations on catalysis and substrate interactions in thrombin.
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Optimizing protein expression is a key step for NMR spectroscopy, which typ-
ically requires milligram quantities of isotope-labeled protein.
Human cardiac troponin I (cTnI) is a 210-amino acid protein that accumulates
in intracellular inclusion bodies when overexpressed in E. coli. Our initial at-
tempts at producing an isolated N-terminal fragment, cTnI[1-71], resulted in
negligible expression. This was due to proteolytic degradation, as evidenced
by the expression of a fusion construct, GB1-cTnI[1-71], yielding GB1 alone.
In order to target cTnI[1-71] to inclusion bodies, we fused it to Comamonas tes-
tosteroni ketosteroid isomerase (KSI), a hydrophobic 125-amino acid protein,
using the commercially available pET31b expression vector.
The KSI-cTnI[1-71] fusion protein was expressed in inclusion bodies and pu-
rified to a reasonable yield. However, when a tandem dimer, KSI-cTnI[1-71]-
cTnI[1-71], was expressed, only a single band corresponding to the molecular
weight of KSI alone was observed, suggesting that it was susceptible to intra-
cellular proteases.
Beta barrel proteins of the Gram negative bacterial outer membrane accumulate
in inclusion bodies when overexpressed without their N-terminal signal se-
quence. A fusion construct involving the E. coli outer membrane enzyme,
PagP, (PagP-cTnI[1-71]) expressed robustly in inclusion bodies. Moreover,
the tandem dimer, PagP-cTnI[1-71]-cTnI[1-71], also expressed well.
Using a beta barrel protein as a fusion partner has several theoretical advan-
tages for expressing intrinsically disordered proteins. There is no possibility
for the protein to fold outside of the membrane environment. Furthermore,
beta barrel membrane proteins are not extremely hydrophobic, since the interior
of the barrel is typically hydrophilic. Hydrophobic proteins tend to have limited
yield, can be toxic to cells, and may interfere with later purification or process-
ing steps. Thus fusion to PagP or other beta barrel membrane proteins repre-
sents a promising new alternative for difficult-to-express disordered proteins.
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The general transcription factor TFIIF plays essential roles at several steps dur-
ing eukaryotic transcription. While several studies have offered insights into
the structure/function relationship in human TFIIF, much less is known about
the yeast system. Here, we describe the first NMR structural and binding studies
of the C-terminal domains (CTDs) of Tfg1 and Tfg2 subunits of Saccharomy-
ces cerevisiae TFIIF. We used the program CS-ROSETTA to determine the
three-dimensional folds of these domains in solution, and performed binding
studies with DNA and protein targets. CS-ROSETTA models indicate that
the Tfg1 and Tfg2 C-terminal domains have winged-helix architectures, similar
to the human homologs. We showed that both Tfg1 and Tfg2 CTDs interact
with double-stranded DNA oligonucleotides, and mapped the DNA binding in-
terfaces using solution NMR. Tfg1-CTD, but not Tfg2-CTD, also binds to yeast
FCP1, an RNA polymerase II-specific phosphatase, and we delineated the in-
teraction surface with the CTD of FCP1. Our results provide insights into the
structural basis of yeast TFIIF function and the differential roles of Tfg1 and
Tfg2 subunits during transcription.
